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Background

 The recent experiments of the neutrino oscillation
become more precise.

— The simple U(1)L”_LT gauge models seem hard to
describe the neutrino physics.
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Purpose

e To find what is the minimum U(1)L _L,

gauge model based on the latest
experimental results.

To study details of the model.

Normal Ordering (best fit) Inverted Ordering (Ax® = 6.4) From NuFIT v5.2
bip +1o 30 range bfp £1o 30 range
sin? 012 0.303+5:912 0.270 — 0.341 0.303+5:912 0.270 — 0.341
£ | 0w/ 33.41+9°75 31.31 — 35.74 33.4175°75 31.31 — 35.74
o)
§ sin? a3 0.45179:018 0.408 — 0.603 0.56970:053 0.412 — 0.613
’é B23/° 42.270% 39.7 = 51.0 49.0179 39.9 = 51.5
Q
% sin® 013 0.0222570-59956  0.02052 — 0.02398 | 0.022237759958  0.02048 — 0.02416
X 613/° 8.581011 8.23 — 8.91 8571011 8.23 — 8.94
2 | dcp/° 23238 144 — 350 276722 194 — 344
5
Am%l +0 21 +0 21
Amgz +0.026 +0.025
TosovE | F2O0TICGT 2427 42590 | 248605 2570 — —2.406




The Simplest Model

« Fields : SM + Right-handed Neutrinos N; + Scalar
« Symmetry : SM gauge X U(l)Lu—LT gauge

Leptons (L, Lu L.) (egr Ug TR) (Ne Nu N:)
U(Dy,-r.charge | (0 +1 -1) | (0 +1 -1) | (0 +1 -1)
D,y D_4

Scalar

SU(2) doublet

SU(2) doublet

U(D)y,-r charge +1

-1




Summary of analysis results

« Results of analysis assuming the normal
and inverse hierarchies for each model.

Model

Normal Ordering

Inverted Ordering

Excluded Viable in 30
SM+N; + @41 | (£yjuded) | (Excluded)
Excluded Excluded
SM +N; + ¢, (Excluded) (Excluded)

Our Results
(K.Asai et al. (2018))

e The model have survived in the latest

analysis.

— Qther Constraints?
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Z-Z' Mixing
« /-7 mixing is induced by additional U(l)L“_LTgauge
symmetry.
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Gr and sin?0,, are changed.

(In our works, the kinetic mixing & ~ g,//70 is negligible because it is
much smaller than mass mixing &, in our parameter region, )



Atomic Parity Violation «ev)

 The weak charge of Cs from APV experiment:

Qv (£33Cs) = —72.94(43)

M. Cadeddu et al. (2021) ey

 Changing of the Cs weak charge induces by Z-Z’

mixing is characterized by § = —%¢, :

ZI

Qw (:5°Cs) ~ QM 133Cs) (1 -+ 52)

— 6] < 5.7x 1073 (30% L



Flavor Changing Meson
Decay (FCMD)

 Flavor changing meson decay is the good probe of Z’
boson.

« Branching ratio of K* - n*Z' is characterized by § =

my

€z
mZ,

X2(
Br(Kt - 772')=62x10"* x 6% x |X1(my:) + (s ] \/)\ (m2,,m2,m%,)
X1,X2 : loop function tanf = v,/v, A(a,b,c) =a?+ b?+ c?—2ab— 2bc — 2ca

 The experimental limit :
Br(KT - ntZ") < (1-6)x 107 (90%cL)

The NA62 collaboration(2021)



Constraints on the simplest
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Green region(FCMD) and blue hatched region(APV) are excluded.

At m,, = 10 MeV, there seems to exist the viable region.



Constraints from the Higgs
Sector
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« The hatced region(Unitarity, T parameter) and the orange
region(B meson oscillation[A.Giorgi et al. (2023)]) are
excluded,

« The simplest model is completely excluded. 5
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Constraint on the extended
model (with &,,, 5, ,)

[m,+ = 300 GeV]
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@, ,: SU(2) doublet scalar
o41: SU(2) singlet scalar
(The subscription means U(DLH—LT charge.)

5 sign(Qo) 1my,
1+ tan®fv g,

* tanf = -2 (Vo (g)is vev of @(a)).
Vo

Cs APV : Much smaller than FCMD.

In this model,

5.4 x 1074 ( my, )

, >
92" ~ 11 tan20 \10MeV

Kt —sxat27" .

o L6x 107" 1 x 10— ( my,, )
92/~ T tan20 \| Br(K+ — 7+ Z)eey \10MeV

 Atm,, = 10 MeV, muon g-2 can

be explained when tanf = 12.



[10.1007/JHEP12(2024)]

Conclusion

« With considering Z-Z" mixing, the simplest model is excluded
completely by constraints from APV, FCMD, and Higgs sector.

« When tanf = 12, the extended model with SU(2) singlet scalar &
and &, is viable in the region which give the proper correction to

muon g-2 at m,, = 10 MeV.



BACKUP



Muon g-2
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Two Zero Texture (Minor)

e Structure :

x 0 = x % 0 X k%
B3:(0 0 *),B4:<* * *),C:(* 0 *)
x k% 0O = 0 *x x 0

« Because of symmetries, non-trivial structures
are realized.

»M,, hastwo 0, — Two zero texture
»M,; hastwo 0. — Two zero minor

Two equations fro[n tf_lese structure.
— Predictions

16



Neutrino Mass Matrix

 Neutrino mass matrix through Seesaw Mech;

* X X

1 AUl Aepl2 0 M., 0 0
Mp =— 0 Au1 0 , Mpgr= 0 0 M, -
1

\/5 A're'v2 0 A'rv 0 M,fr 0

* (0 =x
Model with ®,,) M, ~ —MDMIEIMT = (0 0 *)

 General form by PMNS matrix.
M, = U*diag(ml,mz,m3)UT (3 x 3 components)

Analysis using an equation obtained by comparing
=P the component that is zero by symmetry with the
corresponding component.

17



Analysis for SM+N;+®_ 4

* Bj texture: (MVL)[LZ],[Z,Z] =0

(Mfen)lz = m1V11V21 + mzeia2V12V22 + m3eia3V13V23 =0 (: (MV )12).

(Mvgen)zz = miV5 +mye'®2V3, + mge'®:Vis = 0 (= (M, )22)'

B eia2 — ﬁ R2(6’12, 613, 623, 5 — —RZ
my IR, |

—
eiOl3 — ﬂ R3 (612, 813, 823, 5 — —R3
- ms |R3]

Vij : components of PMNS matrix , 8;; : mixing angle, § : CP phase,
a : Majorana phase 19



« The differences of mass square in case of

NO :
Am3; = m3 —m{ = m{(|R;
Am3, = mi —mi = m2(|R,
Am?>
(IRz12—1) ==2(|R3|2 - 1) —

2_1)
2_1)

When we fIX 612, 813, Am%l y Am%l % 10

as bestfit of NuFIT, we can find

0,5 dependence of §.

Neutrino mass can be written in 6,5
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Neutrino mass

1
| R3(012,013,023,0cp)]?

AmQ Neutrino mass
ms = 31 in case of NO.
1

my = \/mg — Am3,

mo = \/m% + Am3, = \/m§ + Am3s, — AmZ,

* Can be written in 8,5.

(01,043, AM2, , Am2, are given, )



One of Results

(Model with & 4, Inverted Ordering)

* Previous Work

From K.Asai et al. (2018) based on NuFIT4 0 @i

(e,ll, )IO’ (e 4 H)IO

025 T T T : T [
0.2 j
‘ Excl uded;‘ ;
<0.15 J -
L | PlanckTTsowPslensingsext |
£ 1
N 011 R
0.05- B
0 | 1 1 1 ; 1 |
42 44 46 48 50 52

623 [°]

Our Results

0.5~

04- prediction —

‘Vlable in3
0.2
0.1 im; <
: SR Choudhur
"% 42 a6 48
0a3]°]

« The range of 8,3 moves to the left in NuFITvb5.2.
 The limit on the sum of masses for the mass hierarchy is relaxed

compared to the previous limit.

« The model survives in the 3 ¢ range in our analysis.

; | solid : Best fit
| Dashed: 1o
| DotDashed: 20
{ Frame : 30
<|0.17 eV
Y et al.(2020)
o~ S
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